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Morphological anomaliesAbstract The present study was undertaken to evaluate the median lethal concentration (LC50),
morphological deformities and changes in behavioural responses caused by commercial formulations
of malathion on Duttaphrynus melanostictus tadpoles. The LC50 value was found to be 7.5 mg/l and
ability of malathion to cause morphological anomalies and changes in behavioural responses in
tadpoles were studied at sublethal concentrations of 0.5 mg/l (1/15th), 0.75 mg/l (1/10th) and
1.5 mg/l (1/5th) for a duration of 5 days. The morphological defects and changes in behavioural
responses like notochord curvature and loss of fright response respectively were witnessed as an
important conduct; in addition, other symptoms under both the parameters were known to be time
(i.e. developmental stage) and concentration dependent thereby acknowledging the direct cause of
damage due to malathion. Thus, based on the present study, care must be taken when this chemical
is in use at agricultural sites especially nearby aquatic ecosystems.
ª 2015 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The increased usage of pesticides has always been attributed to
controlling insect pests for health and economic beneﬁts and
has led to contamination of aquatic habitats globally
(Houlahan et al., 2000; Houlahan and Findlay, 2003; David
et al., 2007; Jones et al., 2009). Organophosphorus (OPs) pes-
ticides have become a matter of serious concern with respect tothe environmental related issues (David, 2011). Even though
the decline in population of tadpoles globally is not very well
understood with respect to the chemical contamination, the
decrease has always been directly attributed to the use of agri-
cultural land (Kiesecker et al., 2001; Davidson et al., 2002).
Pesticides have been known to play a crucial role in decline
of aquatic organisms (Davidson et al., 2001; Mann and
Bidwell, 2001; Fellers et al., 2003). Amphibians in comparison
to other aquatic species are more vulnerable to contaminants
because of their aquatic larval stage, greater permeability of
the skin and the presence of gills during the larval stage
(Blaustein et al., 2003). Pesticide contaminations found in
the environment have been shown to deliver negative effects
Table 1 Showing values for quality assessment of water used
for the present investigation.
Parameter Values obtained
Temperature 25 ± 2 C
pH 7.3 ± 0.2
Dissolved oxygen 7.7 ± 0.8 mg/L
Total hardness 30.4 ± 3.1 mg as CaCO3/L
Salinity Nil
Speciﬁc gravity 1.003
Conductivity <14 lS/cm
Calcium 17.31 ± 0.92 mg/L
Phosphate 0.34 ± 0.004 lg/L
Magnesium 0.78 ± 0.3 mg/L
2 M. David, R.M. Kartheekon growth, development and behaviour of tadpoles (Bridges,
2000; Broomhall, 2005).
The level of toxicity of any substance is determined by its
LC50 value. The acute toxicity (LC50) tests are generally car-
ried out to determine the receptiveness and survival potential
of organisms to particular toxic substances, such as pesticide,
which usually diffuse into water bodies impacting greatly on
the surviving ability of the aquatic organisms (Chebbi and
David, 2010). Higher LC50 values indicate less toxicity because
greater concentrations are requisite to fabricate 50% mortality
in organisms (Eisler and Gardner, 1973). Besides, pesticides
might circuitously increase propensity to parasitic infection
by declining activity patterns (Bridges and Semlitsch, 2000)
because tadpoles can evade free-swimming parasites by
moving away or swimming in erratic patterns (Thiemann
and Wassersug, 2000; Koprivnikar et al., 2006). It has been
reported that pesticidal exposure in short-term laboratory
experiments on anurans caused developmental deformities
such as lateral ﬂexure of the tail or deformities of the eye
and limb (Harries et al., 2000; Brunelli et al., 2009). Under-
standing morphological and behavioural changes in tadpoles
is an important stricture as tadpoles respond to predators with
changes in their behavioural, morphological and life-history
responses (Benard, 2004), this as a matter of fact can be a
determining factor of their survival ability and population
decline. The pesticide induced responses include, reduced feed-
ing, growth and swimming activity (Eklo¨v and Halvarsson,
2000; Van Buskirk, 2000, 2002; Peacor and Werner, 2001;
Richardson, 2001). Duttaphrynus melanostictus is commonly
known as an Asian common toad, it is probably a complex
of more than one toad species that is widely distributed in
South and Southeast Asia (Van Dijk et al., 2004). The test
species D. melanostictus is a bufonid that is frequently found
in alliance with agricultural landscape (Srinivasulu and Das,
2008). Since different species of tadpoles are known to respond
in a different manner against the pesticides (Rohr et al., 2006),
the importance of pesticidal contamination against the aquatic
habitat can be termed to be a complex proposition and hence
needs attention. Therefore, understanding the impact of mala-
thion on D. melanostictus tadpoles may throw a light on its
survival ability and may partly contribute to identify the prime
reason behind their population decline.
Materials and methods
Toxicant selected and test solutions
Commercial grade malathion of 50% EC was selected as the
toxicant for the present study and was procured from the local
market. Stock solution of the concentration 1 g/L was pre-
pared by dissolving 1 g of commercial grade malathion 50%
EC in 1000 ml of double distilled water. The required test con-
centrations were freshly prepared by diluting the stock solution
just before the initiation of acute toxicity studies.
Procurement and maintenance of tadpoles
Five hundred and ﬁfty tadpoles of D. melanostictus (Stage 20)
were collected from uncontaminated ponds located in Karna-
tak University campus, Dharwad city (Karnataka, India) and
were transported to the laboratory with care. The tadpoleswere allowed to acclimatize to laboratory conditions for few
days and further identiﬁed for its developmental stage at the
beginning of each experiment according to Gosner (1960).
The tadpoles were transferred to glass aquaria only after the
thorough inspection and identiﬁcation of its stage (Stage 27).
Each glass aquaria consisted of 10 l of water which was dechlo-
rinated by allowing to stand for 36 h. All the experiments were
carried out at 25 ± 2 C with a light–dark cycle of 14:10 h
which was being maintained throughout the completion of
the present study. Besides, temperature, pH and dissolved oxy-
gen levels were monitored daily (Table 1). Tadpoles were fed
with plant origin feed and boiled spinach ad libitum. The water
in aquaria was renewed every two days and excess of food and
faeces were removed.
Acute toxicity test
A static renewal assay test was employed as a method of
exposure for each acute toxicity test. A range ﬁnding test was
performed prior in order to ﬁnd the upper and lower limits
of acute toxicity value of malathion against tadpoles of
D. melanostictus. This step was carried out in order to minimize
the animal killing. In all (six) sets, experiments were conducted
simultaneously. The experimental tadpoles (10 each) were
transferred to the aquaria consisting of concentrations ranging
from 5.0 mg/l to 10.0 mg/l of commercial grade malathion in
eleven different groups. Among these, one set however, served
as a control group consisting of tadpoles, which were being
placed in dechlorinated tap water without any traces of
malathion (n= 10). For each concentration, including the con-
trol, 3 replicates were maintained and the mean values of these
were taken into consideration for determining the test results.
Observations were made at every 24 h intervals during the
96 h of exposure period. After every 24 h, the number of dead
animals was recorded and the same were removed from the
aquaria. Mortality data from the replicate samples from each
malathion concentration were pooled prior to calculating the
LC50 value and the 95% conﬁdence limits (Table 2).
Exposure to sublethal concentrations
Three different sublethal concentrations of 0.5 mg/l, 0.75 mg/l
and 1.5 mg/l which correspond to 1/15th, 1/10th and 1/5th of
LC50 value were applied respectively. 10 healthy D. melanostic-
tus tadpoles of stage 27 were randomly selected and transferred
to each glass aquaria containing 1000 ml water with its
respective concentration of malathion solution. The tadpoles
Table 2 Showing mortality of D. melanostictus tadpoles exposed to different concentrations of commercial grade malathion (50%
EC) at 96 h.
Sl. No. Concentration
mg/L
Log concentration
of malathion
No. of tadpoles
exposed
No. of tadpoles
alive
No. of tadpoles
dead
Percent
mortality
Probit
mortality
1 5.4 0.732 10 10 00 00 –
2 5.8 0.763 10 09 1 10 3.72
3 6.2 0.792 10 08 2 20 4.16
4 6.7 0.826 10 07 3 30 4.48
5 7.1 0.851 10 06 4 40 4.75
6 7.5 0.875 10 05 5 50 5.00
7 7.9 0.897 10 04 6 60 5.25
8 8.3 0.919 10 03 7 70 5.52
9 8.6 0.934 10 02 8 80 5.84
10 8.9 0.949 10 01 9 90 6.28
11 9.2 0.963 10 00 10 100 7.33
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transferred, it was made sure that the aquaria were clean
enough and free from any kind of toxicant. For each concen-
tration, including the control, 3 replicates were maintained and
the mean values of these were taken into account for the pres-
ent study. Further, the behavioural changes were observed and
the body morphology of tadpoles exposed to different suble-
thal concentrations of malathion was examined. The duration
of exposure was of 5 days (120 h).
Behavioural responses
Tadpole behavioural response was monitored by video record-
ing. The behavioural responses were studied according to the
methods as described by Blaustein et al. (2005). In order to
understand the behavioural responses clearly, two tadpoles
were transferred to a plastic container containing 1000 ml of
water with its respective concentration of the toxicant. This
helped to achieve the better understanding of swimming pat-
tern in tadpoles and the other behaviour anomalies they pos-
sessed. The obligatory disturbances were made by tapping
with a glass rod in order to study the fright responses shown
by tadpoles to the stimulus. The overall behavioural response
was assessed in-situ by observing the swimming pattern of
tadpoles. This was achieved by gently prodding all individual
tadpole and gauging their response as normal when tadpoles
swam away immediately or as abnormal when there was a
delay, or no response, or impaired swimming ability.-20
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Figure 1 Showing concentration versus mortality for tadpoles of
D. melanostictus exposed to commercial grade malathion (50%
EC).Ethics statement
The present study was carried out at Department of PG Stud-
ies and Research in Zoology, Karnatak University, Dharwad
(Karnataka, India) as per ethics committee regulations. The
test animals used were maintained and subjected to experimen-
tation process as well as disposed off upon completion of
experiment, as per the guidelines issued by CPCSEA (Commit-
tee for the Purpose of Control and Supervision on Experi-
ments on Animals).
Results
Physico-chemical analysis of water
The physicochemical parameters of water used for experimen-
tation were investigated and found to be feasible for aquatic
studies. The results are presented in Table 1.
Acute toxicity studies
There were no mortality and D. melanostictus tadpoles
appeared active and healthy throughout the test periods under
the control group. The 96 h LC50 value of commercial grade
malathion for D. melanostictus tadpoles was identiﬁed to be
7.5 mg/l. The results for the same are presented in Table 2
and their respective graphs are provided in (Figs. 1–3).2 
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Figure 2 Showing mortality of D. melanostictus exposed to
different concentrations of commercial grade malathion (50%
EC).
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Figure 3 Showing mortality of D. melanostictus exposed to
commercial grade malathion (50% EC) expressed through percent
kill versus log concentration.
Figure 4 (A) Tadpole in the control group showing normal morph
commercial grade malathion (50% EC) showing notochord curvat
commercial grade malathion (50% EC) showing kyphosis (K) and lor
malathion (50% EC) showing kyphosis (K), lordosis (L), scoliosis (S)
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No morphological defects were observed in the control group
(Fig. 4A). Nevertheless, the study of morphological changes in
tadpoles of treated group revealed varying levels of body mor-
phological anomalies upon their exposure to a series of differ-
ent concentrations of the malathion (Table 3). The anomalies
observed were easily noticeable to the naked. However, a ste-
reo microscope was used to make precise observations and
note the morphological changes in tadpoles exposed to all
the sublethal concentrations of commercial grade malathion.
The major change observed for all the concentrations was,
disturbances in the linearity of body stature especially in the
lower front. At a sublethal concentration of 0.5 mg/l the
tadpoles showed negligible variance in the angle of the tailology of the notochord (N). (B) Tadpole exposed to 0.5 mg/L of
ure (NC), kyphosis (K). (C) Tadpole exposed to 0.75 mg/L of
dosis (L). (D) Tadpole exposed to 1.5 mg/L of commercial grade
and Fin blistering (FB).
Table 4 Behavioural changes in tadpoles of D. melanostictus under control and treated groups.
Group no. Concentration
mg/L
Behavioural changes recorded
Impaired swimming behaviour Staggered behaviour Whirling cork movement Loss of fright response
1 0.0    
2 0.5 +  + 
3 0.75 ++  + 
4 1.5 +++ + + +
Tadpoles exhibiting various behavioural anomalies, indicated (+) as low, (++) as medium and (+++) as high levels of impaired behaviour
due to intoxication of commercial grade malathion (50% EC).
Table 3 Tadpoles of D. melanostictus exhibiting morphological changes for control and treated with sublethal concentrations of
commercial grade malathion (50% EC) for the duration of 5 days.
Group no. Concentration
mg/L
Anomalies observed
Normal notochord Kyphosis Lordosis Scoliosis Fin blistering
1 0.0 +    
2 0.5  +   
3 0.75  + +  
4 1.5  + + + +
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sis) was still clearly visible (Fig. 4B). The tadpoles exposed to
0.75 mg/l of malathion showed a increased variation of angle
of notochord curvature (Fig. 4C) as compared to the previous
concentration of malathion, the anomalies like multiple
scoliosis and kyphosis were recorded at this concentration
(Fig. 4C). Further, at a higher concentration of 1.5 mg/l of
malathion on tadpoles of D. melanostictus tadpoles undergoing
developmental stage had suffered with severe lordosis which
was however accompanied by high degree of kyphosis and sco-
liosis. Apart from these ﬁndings, an important ﬁnding of ﬁn
blistering was also noticed at concentration of 1.5 mg/l (Fig.4).
Behavioural responses
The behavioural responses in the current study showed no
changes in the control group. Behavioural changes in tadpoles
exposed to sublethal concentrations of malathion exhibited
impaired swimming patterns which can be attributed to the
notochord curvature, which in turn is credited to pesticide
intoxication to tadpoles. For instance, the possible movement
of tadpoles was only in the direction of the bent notochord and
this would make the animal to move in the circular pattern
inevitably. Some of the tadpoles even illustrated staggered
behaviour like lying inverted on their dorsal surface by rapidly
turning over their back. In the other two sublethal concentra-
tions of 0.5 mg/l and 0.75 mg/l; the tadpoles swam up-side
down and also swam in a pattern which would resemble a
whirling cork-screw. It was evident that certain degrees of
variation in swimming pattern were observed at 0.5 mg/l and
0.75 mg/l concentrations, but the same was of much less pro-
nounced when compared to 1.5 mg/l concentration (Table 4).
Discussion
Based on the present study, it is evident that the commercial
grade malathion (50% E.C) could kill 50% population of D.melanostictus tadpole species with concentration as low as
7.5 mg/l. The LC50 value of malathion determined from the
present study is slightly different from what has been previ-
ously published. Relyea (2004) observed survival and preda-
tory stress of 6 tadpole species (Rana sylvatica, Rana pipiens,
Rana clamitans, Rana catesbeiana, Bufo americanus, and Hyla
versicolor) exposed to 6 different concentrations of malathion.
The latter study showed that, malathion was moderately toxic
to all tadpoles and that the LC50 value ranged between 1.25
and 5.9 mg/l. One more report on 96 h LC50 of malathion
for larval Rana boylii was 2.137 mg/l (Sparling and Fellers,
2007). Therefore, in comparison, it can be said that D. mela-
nostictus, is fairly resistant to malathion when compared to
tadpoles of other species studied so far and it is to be noted
that the LC50 value of 7.5 mg/l for commercial formulation
is identiﬁed for the ﬁrst time against the test species to the best
of our knowledge, hence making the present work imperative.
The anecdotal degree of mortality reported in the present
study where it is unswerving with the report of Sparling
et al. (2001), who reported that the variance in an organism’s
biological modiﬁcation and behavioural response to change
in water chemistry and osmotic conditions depend on the stage
of development. Hence, the responses of amphibians to
exposed pesticides are probably under a complex form, and
dependent on species and developmental stage, as well as the
timing, duration, and level of pesticide exposure (Johansson
et al., 2006; Yu et al., 2014).
Coming to the sublethal exposure studies, it was clear that
malathion had its impact on tadpoles of D. melanostictus at
different sublethal concentrations, which were recognized by
visualizing varying levels of tail axis deformations. Patil and
David (2010) reported that many of the pesticides belonging
to the organophosphorous group have a tendency to damage
the overall survival of aquatic animals by interfering in their
process of life cycle, this supports our present study. It can
be considered as of much more importance as the bent tail axis
of the tadpoles encumbers in normal locomotion, which in
turn can dwindle the ability of the animal to reach food
6 M. David, R.M. Kartheeksources and increase the risks of predation and even desicca-
tion. Any impairment of swimming performance may reduce
the ability of tadpoles to escape mobile predators (Punzo,
1992). Since higher pesticide concentrations are likely to occur
immediately after their application; moreover, the remains of
the applied pesticide can persist in the water for a few weeks
following a single large event of application (Eichelberger
and Lichtenberg, 1971) or for several months when pesticide
of interest is sprayed more regularly (Fordham et al., 2001).
Since malathion is frequently used in agricultural practice,
the inhabitant non-target organisms of agricultural ﬁeld sur-
rounding water bodies, especially amphibians are subjected
to pesticide exposure (Bru¨hl et al., 2013) that is adequate to
compromise the morphological features of the tadpoles.
In the present study, the exposed tadpoles showed many
prominent changes like notochord curvature, scoliosis, kypho-
sis, lordosis and ﬁn blistering. These observations are in agree-
ment with the study of Snawder and Chambers (1990), whose
inference was that the malathion induces abnormalities consis-
tent with collagen defects, including bent notochords, circula-
tory defects, and shortened body lengths. Upon the study of
photographs it was possible to quote that the abnormalities
observed were purely dependent on the concentration of
exposed malathion. Some authors have earlier reported that
malathion is known to cause negative effects on the survivabil-
ity of amphibians (Webb and Crain, 2006; Mackey and Boone,
2009; Krishnamurthy and Smith, 2010). This however can be
taken as a support for the present study. Having said that,
the statement probably may be in reference to the potential
ability of malathion to induce morphological changes in a neg-
ative comportment.
Similar kind of observations was recorded by Pawar et al.
(1983), who found that when Microhyla ornata tadpoles were
exposed to 5–10 ppm malathion, exhibited curved bodies and
unusual behaviours including loss of balance, swimming in cir-
cles, and no activity unless disturbed hence, supporting the
present study. However, the exact time at which tadpole tails
are sensitive to malathion and other contaminants is merely
unknown (Gaietto et al., 2014). But based on the present study
and observation, it can nevertheless be said that even at a low
concentration of 0.5 mg/l of malathion can have an outcome
of inducing bent tail axis in tadpoles of D. melanostictus,
thereby compromising its overall survival.
Since the sublethal concentrations chosen for the present
study match the environmental relevant concentrations as
reported by Odenkirchen and Wente (2007), it may be very
critical, provided the present condition if prolonged can result
in worse scenario. This may be regarded due to the lack of
environmental awareness of certain small time farmers, who
barely stick up to the pesticidal usage guidelines which are
issued by environmental boards and governmental organiza-
tions in the public interest. In addition to this, several studies
have shown that higher concentrations of organophosphates
can occur in ephemeral ponds, which are prime breeding habi-
tats for anurans (Fordham et al., 2001). The alterations that
were observed in the tail axis could result in at least altered
swimming abilities which may affect health and ﬁtness of indi-
viduals; moreover, muscular and skeletal damages could result
in motionless tadpoles unable to forage or avoid predation and
consequently result in less possibilities of their survival (Rohr
et al., 2003; Colombo et al., 2005; Bernabo et al., 2008;
Brunelli et al., 2010).Conclusion
From the present study it can be concluded that the commer-
cial grade malathion (50% EC) has an LC50 value of 7.5 mg/l
for D. melanostictus tadpoles and its exposure to tadpoles at
sublethal doses of 0.5 mg/l, 0.75 mg/l and 1.5 mg/l can cause
serious threat to the animal. It may be also suggested that eval-
uation of morphological features and behavioural characteris-
tics prove to be a valuable toxicological tool, especially in
terms of sensitivity. Hence it is highly recommended that the
use of malathion be restricted or at least minimized for the bet-
terment of the ecosystem and conservation of aquatic habitat.
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